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I. Basis of the report 

1 . With regard to the elements of the international application:* 
I I the international application as originally filed. 

the description: 

pages 1>17 as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with the letter of . 

^ the claims: 

pages NONE , as originally filed 

pages 18-25 , as amended (together with any statement) under Article 19 

pages NONE . filed with the demand 

pages NONE , filed with the letter of . 

1^ the drawings: 

pages 1-7 as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with the letter of . 

I I the sequence listing part of the description: 

pages NONE , as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with the letter of . 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of international search (under Rule23. 1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination(under Rules 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

I I contained in the international application in printed form. 

I I filed together with the international application in con^uter readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequentiy to this Authority in computer readable form. 

I I The statement that the subsequentiy furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I The statement that the information recorded in computer readable form is identical to the written sequence listing 
has been furnished. 

4. The amendments have resulted in the cancellation of 

I I the description, pages NONE 

^ the claims, Nos. 77-78 

I I the drawings, sheets/% NONE 

5. I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in 
this report as "originally filed " and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70.17), 
** Arty replacement sheet contaimng such amendments must be referred to under item 1 and annexed to this report. 
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v. Reasoned statement under Rule 66.2(a) (ti) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. STATEMENT 



Novelty (N) Claims 2-7, 9-34, 39, 42-76 YES 

Claims 1, 8, 35-38, 40, 41 ^ NO 

Inventive Step (IS) Claims 16-34, 43-59, 65-76 YES 

Claims 1-15, 35-42. 60-64 NO 

Industrial Applicability (lA) Claims 1£76 YES 

Claims NONE NO 



2. CITATIONS AND EXPLANATIONS 

Claims 1. 8, 35-38, and 40-41 lack an inventive step under PCT Article 33(3) as being obvious over Hu (US 6,204,171). Hu (col. 6. 
line 42 - col. 10, line 57) discloses a nitride of a diffusion barrier, having at least a portion having a non-columnar grain structure. 
The nitrogen content can be adjusted. 

Claims 2-7, 10-15, 39, 42, 60-62, and 64 lack an inventive step under PCT Article 33(3) as being obvious over Hu (US 6,204,171) 
in view of Hogan (US 6,156,647). Hu is applied as above and does not disclose the thickness of the thin film, nor the portions 
having non-columnar and columnar grain strucmres, nor using plasma. Hogan (col. 9, line 20 - col. 10, line 27) teaches a barrier 
layer at the claimed thickness which have portions that are non-columnar and columnar grain structures made in the presence of 
plasma, ablating material from the target. It would have been obvious to one of ordinary skill in Ae art at the time the invention was 
made to use the improvements of Hogan in Hu*s process to prevent migration. 

Claims 9 and 63 lack an inventive step under PCT Article 33(3) as being obvious over the prior art as applied in the immediately 
preceding paragraph and further in view of Wolf (Silicon Processing for the VLSI ERA). Hu and Hogan do not disclose the 
resistivity of the thin film. Wolf (pages 189-190, Table 4.3 on page 193) teaches that the resistivity of the thin films clearly is within 
the claimed range, and may be adjusted depending on the resistivity required. 

Claims 16-34, 43-59, and 65-76 meet the criteria set out in PCT Article 33Q)-(3), because the prior art does not teach or fairly 
suggest the first and second layers of (TiQ)N, nor a copper barrier with a non-columnar and columnar grain structure having a 
substantial absence of amorphous phase material, nor the depositing of copper as claimed. 

Claims 1-76 meet the criteria set out in PCT Article 33(4), and thus is useful for industrial applicability because the subject matter 
claimed can be made or used in industry. 
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CLAIMS 

The invention claimed is: 

1. A thin film comprising Zr, and N, at least a portion of the thin film having a 
non-columnar grain structure. 

2. The thin film of claim 1 having a thickness of less than or equal to about 

10 nm. 

3. The thin film of claim 1 having a thickness, wherein a first portion of the 
thickness comprises the non-columnar grain structure and wherein a second portion of 
the thickness comprises columnar grains. 

4. The thin film of claim 3 wherein the columnar grains have diameters of 
from about 10 nm to about 20 nm. 

5. The thin film of claim 3 wherein the thin film is disposed over a silicon 
dioxide surface and wherein the first portion of the thickness is disposed closer to the 
silicon dioxide surface than is the second portion. 

6. The thin film of claim 3, further comprising Ti. 

7. The thin film of claim 6 having an atomic ratio of Ti to Zr greater than or 
equal to 1 .0. 

8. The thin film of claim 7 consisting essentially of Ti, Zr and N. 

9. The thin film of claim 1 wherein the N is present in the thin film at from 
about 40 atomic percent to about 60 atomic percent. 

10. The thin film of claim 1 having a resistivity of from about 69 ijQ*cm to 
about 106 |jn«cm. 

11. A barrier layer comprising Ti, Zr, at least a portion of the barrier layer 
comprising a non-columnar grain structure. 

12. The barrier layer of claim 1 1 further comprising one or more elements 
selected from the group consisting of Al, Ba. Be, Ca, Ce, Cs, Hf, La, Mg, Nd. Sc, Sr, Y, 
Mn, V, Si, Fe, Co, Ni, B, C. La, Pr, P, S, Sm. Gd, Dy, Ho, Er, Yb, W, Cr, Mo, Nb, and Ta. 

13. The barrier layer of claim 1 1 disposed between a metallic material and a 

18 



wo 03/063243 



PCT/US03/02106 



non-metallic material. 

14. The banier layer of claim 13 wherein the non-metallic material comprises 
a member of the group consisting of Si02 and low-k dielectric materials. 

1 5. The barrier layer of claim 1 3 wherein the metallic layer comprises copper. 

16. The barrier layer of claim 13 having a thickness of from about 1 0 nm to 
about 20 nm, wherein a first portion of the thickness comprises the non-columnar grain 
structure and wherein a second portion of the thickness comprises a columnar grain 
structure, the first portion of the layer being closer to the non-metallic material than is 
the second portion. 

17. A metal diffusion bamer comprising: 

a first layer comprising Ti and Q and being substantially nitrogen free, 
where Q comprises one or more elements selected from the group consisting of Al, Ba, 
Be. Ca. Ce, Cs, Hf, La. Mg. Nd. Sc. Sr. Y. Mn. V, Si. Fe. Co, Ni, B. C. La, Pr. P, S, Sm, 
Gd. Dy. Ho, Er, Yb. W, Zr. Cr. Mo. Nb. and Ta; and 

a second layer comprising (TiQ)xNz. 

18. The metal diffusion barrier of claim 1 7 wherein Q comprises Zr. 

19. The metal diffusion barrier of claim 17 wherein the second layer is over 
the first layer, and further comprising a third layer over the second layer, the third layer 
comprising Ti and Zr and being essentially free of nitrogen. 

20. The metal diffusion barrier of claim 17 wherein the first layer is over the 
second layer, and further comprising a third layer over the first layer, the third layer 
comprising (TiQ)xNz. 

21 . The metal diffusion barrier of claim 17 disposed between a metallic 
material and a non-metallic material. 

22. A copper diffusion banrier comprising a bi-layer, a first portion of the bi- 
layer comprising TiZr, and a second portion of the bi-layer comprising (TiZr)xNz. 

23. The copper diffusion barrier of claim 22 wherein the second portion 
comprises non-columnar grain structure. 

24. The copper diffusion banier of claim 22 wherein the second portion is 
adjacent a layer of silicon dioxide and the first portion is adjacent a copper based 

19 



wo 03/063243 PCT/US03/02106 

material. 

25. A titanium-comprising material having an electrical resistivity of from 
about 69 pQ-cm to about 106 pQ-cm, and having a substantially unlfomn thickness. 

26. The titanium-comprising material of claim 25 further comprising Zr. 

27. The titanium-comprising material of claim 26 having an atomic ratio of Ti 
to Zr of greater than or equal to 1, and further comprising from about 40 atomic percent 
to about 60 atomic percent N. 

28. The titanium-comprising material of claim 25 further comprising N. 

29. A copper banner film having a first portion comprising a non-columnar 
grain structure, and a second portion comprising a columnar grain structure, the film 
having a substantial absence of amorphous phase material. 

30. The film of claim 29 comprising Ti. 

31 . The film of claim 29 comprising Zr. 

32. The film of claim 29 comprising Ti, Zr and N. 

. 33. The film of claim 29 consisting essentially of (TiZr)xNz. where x = 0.40- 
0.60 and z = 0.40-0.60. 

34. The film of claim 1 8 having an electrical resistivity of from about 69 
pQ*cm to about 106 pQ«cm. 

35. The film of claim 29 having a thickness of less than 20 nm. 

36. A diffusion protected surface comprising: 
a material having a surface; and 

a thin film comprising Zr and N over the suri'ace. at least a portion of the 
thin film having a non-columnar grain structure. 

37. The diffusion protected surface of claim 36 wherein the thin film further 
comprises Ti. 

38. The diffusion protected surface of claim 36 wherein the material having 
the surface comprises a non-metallic material. 
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39. The diffusion protected surface of claim 36 wherein the material having 
the surface comprises Si02. 

40. The diffusion protected surface of claim 36 wherein the thin film is 
disposed between the surface and a metallic material comprising one or more of Cu, Ag, 
Sn, Mg and Al. 

41 . A structure comprising: 
a silicon substrate; 

a insulative material over the substrate; 

a banier layer comprising (TIZr)xNz over the insulative material, the 
barrier layer having a substantial absence of amorphous structure, at least a portion of 
the barrier layer comprising non-columnar grain structure; and 

a layer comprising a metal over the barrier layer. 

42. The structure of claim 41 wherein the barrier layer consists essentially of 
(TiZOxNz. 

43. The structure of claim 41 wherein x = 0.44-0.60 and z = 0.40-0.60. 

44. The structure of claim 41 wherein the metal comprises copper. 

45. The structure of claim 41 wherein the metal comprises copper, wherein 
the insulative material comprises S1O2; wherein the banier layer has a thickness of less 
than or equal to about 5 nm; and wherein, the banier layer substantially prevents 
diffusion of copper from the layer comprising the metal into the Si02 during heat 
treatment of the structure at a temperature of about 650^C for about 1 hour. 

46. The structure of claim 41 wherein the metal comprises copper, wherein 
the Insulative material comprises Si02; wherein the banier layer has a thickness of less 
than or equal to about 20 nm; and wherein, the barrier layer substantially prevents 
diffusion of copper from the layer comprising the metal into the SiOz during heat 
treatment of the structure at a temperature of about 700^*0 for about 5 hours. 

47. A microelectronic device comprising: 

a insulative material comprising an opening having a bottom surface and 
a sidewall surface; 

a barrier layer over the bottom surface, the barrier layer comprising Ti 
and Zr. and having an electrical resistivity of less than or equal to about 69 pQ«cm to 
about 106 pQ-cm; and 
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a material comprising copper disposed over the barrier layer. 

48. The microelectronic device of claim 47 wherein the opening has a width 
of less than or equal to about 350 nm. 

49. The microelectronic device of claim 47 wherein the opening has a width 
of less than or equal to about 100 nm. 

50. The microelectronic device of claim 47 wherein the barrier layer is 
disposed over the sidewall surface. 

51 . The microelectronic device of claim 50 wherein the banier layer has a 
substantially uniform thickness over the bottom surface and over the sidewall surface. 

52. The microelectronic device of claim 61 wherein the opening has a height 
to width aspect ratio of greater than or equal to 1 . 

53. The microelectronic device of claim 52 wherein the aspect ratio is greater 

than 2. 

54. The microelectronic devise of claim 51 wherein thickness is less than or 
equal to about 20 nm.. 

55. The microelectronic devise of claim 51 wherein thickness Is less than or 
equal to about 5 nm. 

56. The microelectronic devise of claim 47 wherein the bam'er layer 
comprises an atomic ratio of Ti to Zr of greater than or equal to 1 .0. 

57. The microelectronic devise of claim 47 wherein the barrier layer further 
comprises N. 

58. The microelectronic device of claim 57 wherein the barrier layer 
comprises from about 40 atomic percent to about 60 atomic percent N. 

59. The microelectronic device of claim 57 wherein the bamer layer consists 
essentially of Ti, Zr and N. 

60. The microelectronic device of claim 57 wherein the barrier layer consists 
of Ti, Zr, and N. 

61 . The microelectronic device of claim 47 wherein the material comprising 
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copper consists essentially of copper 

62. A method of fomiing a barrier layer comprising: 
providing a substrate comprising a material to be protected; 
providing a target comprising Ti; and 

in the presence of an Ar/Na plasma, ablating material from the target onto 
the substrate at a deposition power of from about 2 kW to about 9 k\N, the ablating 
forming a banier layer comprising Ti and N and having a substantially uniform thickness 
over at least a portion of the material to be protected. 

63. The method of claim 62 wherein the target further comprises at Zr. 

64. The method of claim 62 wherein the barrier layer further comprises Zr, 
the barrier layer having an atpmic ratio of Ti to Zr of greater than or equal to about 1 . 

65. The method of claim 62 wherein the banrier layer has an electrical 
resistivity of from about 69 pQ'cm to about 106 pQ»cm. 

66. The method of claim 62 further comprising depositing a conductive 
material over the barrier layer, the conductive material comprising a metal. 

67. A method of forming a microelectronic device, comprising: 
providing a substrate having one or more gap structures formed in an 

insulative material; 

lining the gap structures with a layer comprising Ti, the layer having a 
substantially uniform thickness and having an electrical resistivity of from about 
69 pQ-cm to about 106 |jQ*cm; 

depositing a copper material over the layer. 

68. The method of claim 67 wherein the layer further comprises N and one or 
more elements selected from the group consisting of Al, Ba, Be, Ca, Ce, Cs, Hf, La, Mg, 
Nd, Sc, Sr, Y, Mn. V, Si, Fe. Co, Ni. B, C, La, Pr, P, S, Sm, Gd, Dy, Zr, Ho, Er, Yb, W, 
Cr, Mo. Nb, and Ta. 

69. The method of claim 68 wherein the layer consists essentially of Ti, Zr 

and N. 

70. The method of claim 67 wherein the one or more gap structures comprise 
openings having a height to width aspect ratio of greater than or equal to 4. 
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71 . The method of claim 70 wherein the openings have a width of less than 
or equal to about 350 nm. 

72. The method of claim 70 wherein the openings have a width of less than 
or equal to about 200 nm. 

73. The method of claim 70 wherein the openings have a width of less than 
or equal to about 100 nm. 

74. The method of claim 67 wherein the insulative material comprises SiOa- 

75. A method of fomning a protected surface comprising: 
providing a substrate having a surface into a reaction chamber; 
providing a target within the reaction chamber, the target consisting 

essentially of Ti and Zr; 

ablating material from the target onto the surface in the presence of 
nitrogen to deposit a first layer over the surface; and 

ablating material from the taiget in an absence of added nitrogen to fomi 
a second layer over the first layer. 

76. The method of claim 75 wherein the surface comprises silicon dioxide. 

77. The method of claim 75 wherein the first layer has a thickness of less 
than or equal to about 10 nm, and has a microstructure consisting essentially of non- 
columnar grains. 

78. The method of claim 75 wherein the first layer has a thickness of greater 
than about 10 nm, and comprises a first portion having non-columnar grain structure 
and a second portion comprising columnar grain structure. 
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